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pr.esent invention relates to an epoxy resin conposition useful for
encapsul ating el ectronic parts, and to,a_resin-encapsulated sem conduct or
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devi ce. DescripLi t d Art cently, transfer nolding has been
-conduct ed uglﬁgéaﬁﬁe@éﬂoﬂf%éﬁ*fﬁi;ivantageous epoxy resin for encapsul ati ng
a sem conductor such I I ' i tl arly,
surface nounting of L@Otis}mr%@h %ﬁ%@&gghaﬁﬁgaﬁggﬁéﬁcﬁ%'*@

I mrersion in_a_solder t been increasingly enployed. During the

I mrer si on, §ﬁ§1ggﬂﬁ§938§t$%€ﬁﬁ%teriaI I s exposed to a high tenperature not
| ower than [err] , and hence, such a problem occurs that the noisture

contained in the encapsulating material is vaporized and expanded to cause
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cracks or cgﬂéﬁcﬁgﬁnbngFaTHE INVENTION

Field of the Invention

The present invéntion relates to an epoxy resin
composition uSeful for encapsulating electronic parts, and
to a resin-encapsulated semiconductor device.
Description of the Related Art

Recently, transfer molding has been conducted using
an economically advantageous epoxy resin for encapsulating
'a semiconductor such as LSI, IC, transistor and the like.

Particularly, surface mounting of LSI has been
conducted and a process of direct immersion in a solder bath
has been increasingly employed. During the immersion, the
encapsulating material is exposed to a high temperature not
lower than 200 €, and hence, such a problem occurs that
the moisture contained in the encapsulating material is
vaporized and expanded to cause cracks or cause peeling at
the interface with a die pad.
| For this reason, encapsulating resin materials are
required to have less hygroscopicity, improved resistances
to cracking and highef adhesiveness. Currently the most
popular encapsulating materials are those using a glycidyl
ether of o-cresol novolak as epoxy resin and a phenol
novolak as curing agent.

The encapsulating materials comprising mainly

THE | NVENTI ON Field of the Invention The °



the interface wth a die pad. For this reason, encapsulating resin
materials are required to have | ess hygroscopicity, inproved resistances to
cr.acki ng and hi gher adhesiveness. Currently the nost popular encapsul ating.
materials are those using a glycidyl ether of o-cresol Wﬁ@ﬂET@A@BﬁFM '
resin and a phenol novolak as curing agewt. The encapgul ati pgpimdgy i al's
conprising mainly 24 Februaary 1997 -2- glycidyl et
novol ak and phenol novol aks have a sort of bal ance between heat resistance
and nol dabi glygidputetharsaf suicriesbénnovotaksand rohenml A9NAlEXS gns as
requiring a high I evel of non-hygroscopicity as descri bed above, causing
probl ems of havé dersartmokd roplaficey batwesnr hkeatdresistancs [and n t he w apped
formw th noisture-proof waps to avoid the 5 above probl ens. SUMVARY OF
THE | NVENTI @bldability, but are not sufficient for use in such

applications as requiring a high level of non-
hygroscopicity as described above, causing problems of
solder cracking. They are marketed practically in the
wrapped form with moisture-proof wraps to avoid the above
problems.

SUMMARY OF THE INVENTION

The objects of the invention are to provide an
epoxy resin composition of low viscosity, which can give a
cured product having low hygroscopicity and high
adhesiveness, and to provide a semiconductor device
encapsulated with the above epoxy resin composition.

In view of the aforementioned circumstances, the
present inventors have made an intensive research on an
epoxy resin composition, and as a result, found a
.composition with a specific epoxy resin which meets the
objects and completed the invention.

‘The present invention provides an epoxy resin
composition and a resin-encapsulated semiconductor device
ﬁroduced by encapsulating semiconductor devices with the
same epoxy resin composition, characterized in that said
epoxy resin compositibn compri#es (A) an epoxy resin
represented by the general formula (1) and (B) a curing

agent,
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The objects of the invention are to provide an epoxy resin conposition of

| ow 10 viscosity, which can give a cured product having | ow hygroscopicity
and hi gh adhesi veness, and to provide a sem conductor device encapsul ated
wi th the above epoxy resin conposition. In view of the aforenentioned
circunstances, the present inventors havé made an intensive research on an
epoxy resin conposition, and as a result, found a conposition with 15 a
speci fic epoxy resin which neetg Iye objeqﬂg ynd conpl eted the invention.
The present invention provides ﬁ'l Ronposition and a

ePoxy res h
resi n-encapsul at ed sem conduct g igvice pr, ced by encapsul ating
sem conduct or devices with the{%ib- .4 n conposition, cfighacterized
in that said e i K@s on conpr (&é%%z 2pox¥y20 resin
represented by 20rmula (1) and (B) a‘;{%Ie *Hhenol , - 3-
[err] wherein int above formula, [err] represents h ogen, an al kyl
group having 1 to carbon atons, substituted- or nonsuBb&tituted-phenyl
groups or hal ogen, and X represents [err]

wherein in the above formula, R: represents hydrogen, an
alkyl group having 1 to 6 carbon atoms, substituted- or

nonsubstituted-phenyl groups or halogen, and X represents

1 i %

l .
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and n represents an integer of 0 to L.
The substituent R: in the epoxy resin represented

by the general formula (1) to be used as the component (A)
in the present invention includes methyl, ethyl, propyl,
butyl, amyl, hexyl, cyclohexyl, toryl and xylyl groups,
chlorine and bromine atoms, including various isomers
thereof. -

BRIEF DESCRIPTION OF THE DRAWING

' Figure 1 is a plan view of a frame made of copper
or U2-alloy for the measurement of the adhesive strength in
Examples, wherein numéral 1 (hatched part) denotes a
molding portion of a resip composition to be cured. Figure
2(A) is one of the test sample which is cut out from the
frame. Figure 2(B) is the test sample after measurement of

the adhesive strength. Numeral 2 denotes an area to be



and n represents an integer of O to 4. The substituent [err] in the epoxy
resin represented by the general fornula (1) to be used as the conponent
(A) in the present invention includes nethyl, ethyl, propyl, butyl, anyl,
hexyl, cycl ohexyl, toryl and xylyl groups, chlorine and brom ne at ons,

i ncl udi ng various isoners thereof. BRI EF4DESCRI PTI ON OF THE DRAW NG Fi gure
1is a plan view of a frane nade of copper or 42- aIon for the neasurenent
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denotes an afed %P DESCRIBTION OF THE INVENTION
In the present invention, the epoxy resin of the
general formula (1) in which R: represents hydrogen or an
alkyl group having 1 to 4 carbon atoms is preferable. The
epoxy resin of the general formula (1) may be obtained by
one of known methods comprising glycidyl etherifying
reaction of a phenol. The method is a reaétion of a phenol
with epihalohydrin in the presence of an alkaline such as
sodium hydroxide. Especially, to obtain a highly pured
product, the reaction conducted in aprotic solvent is
preferable as described in Japanese Patent Kokai 60-31517.
Phenols to be used in the above reaction are

represented by the general formula (2):

(Rl)n (Rl)n

£.E o

HO OH

wherein Ri, X and n are the same as those defined for the
general formula (1).

Specific examples of the phenols are shown below.

- HO 0
HO—@—C-C c—@o - @-g—g—-c OH



peel ed off by adding tensile force, and nunmeral 3 denotes holding parts for
tensile test operation. DETAILED DESCRI PTION OF THE I NVENTION In the
present invention, the epoxy resin of the general-formul'a (1) in which
[err] represents hydrogen or an al kyl- grQup having 1 to 4 carbon atons is
preferable. The epoxy resin of the gener T fornmula (1) may be obtained by
one of known net &gh conpri SI glycidyl etherifying EH%ct | oﬁ) ofCH phenol .

t

The nethod is a i on of a hen th eplhaloh/. inin tHh e v—.sence of
i speci al IHO ot =G & OBRur ed
§§L ted | tic sol vent.Jl & dﬂeﬁ@rable 2

an al kal i ne sucgyﬁs
product, the re [
described in Japanese Pa Kokai 60 31517. to be used i C(BHy,
above reaction are represented by the general gp%ﬁ?a (2): [err] wherein
[err], X and n arg={ he sane as thosgF{efined for the general formula (1).

Speci fi c exanpl eg @ the phenghs ang_ghown bel ow
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" The epoxy resin, the component (A) to be used in
the composition according to the present invention may be
ﬁsed as alone as well as in a mixture with any one of known
epoxy resins. Exemplary epoxy reéins include novolak epoxy
resins such as the reaction products of a phenol such as
phenol, o-cresol or the like with a formaldehyde; glycidyl
ether compounds derived from tri- or higher valent phenols
such as phloroglucin, tris-{(4-hydroxyphenyl)-methane,

1,1,2,2-tetrakis (4-hydroxyphenyl)-ethane and the like;



[err] [err] The epoxy resin, the conponent (A) to be used in the

conposition according to the present
as in a mxture with any one of known epoxy resins.

i ncl ude novol ak epoxy resins such as the reaction products of a phenol

as phenol ,

o-cresol or the like with a formal dehyde; gl ycidyl ether

I nvention may be used as al one as wel |
Exenpl ary epoxy resins

such

conpounds dgliyeedylr eGheri conpolth@dedevi editf rdne i va lsanth phenpilisoisagihuci n,

tris-(4-hydroxyphenyl)-net hane,
and the likas bis

such

hydroquinone, resorcih, 4,4'-thio-di(2,6~-dimethylphenol),
dihydroxynaphthlene, bis(hydroxyphenyl)dicyclopentane,
bis(hydroxyphenyl)mentane and the like , or halogenated
bisphenols such as tetrabromobisphenol A, and the like;
glycidyl ether compounds of polyhydric phenols produced by
condensation of phenols with aromatic carbonyl co&pounds;
amine based epoxy fesins derived from p—-aminophenol, m-
aminophenol, Y4-amino-m-cresol, 4,4'-diaminodiphenyl methane,
3,3'-diaminodiphehy1 methane, 4,U4'~diaminodiphenyl ether,
3,4'-diaminodiphenyl ether, 1,4-bis(4-aminophenoxy)benzene,
1,4-bis(3-aminophenoxy)benzene, 1,3-bis(li-aminophenoxy)
benzené, 1,3-bis(3~aminophenoxy)benzene, 2,2-bis(l- |
aminophenoxyphenyl)proﬁane, p-phenylene diamine, m-
phenylene diamine, Z,H-toluene diamine, 2;6-toluene

diamine, p-xylylene diamine , m-xylylene diamine, 1,4~

.cyclohexane-bis(methylamine), 1,3- cyclohexane-

bis(methylamine) and the like; glycidyl ester compounds

‘derived from aromatic carboxylic acids such as p-oxybenzoic

acid, m-oxybenzoic acid, tetraphthalic acid, isophthalic
écid; hydantoic epoxy compounds derived from 5,5-dimethyl
hydantoin, and the like; alicyclic epoxy resins of 2,2-bi
s(3,u-epoxycyclohexyl5propane, 2,2-bis[4-(2,3-epoxypropyl)
cyclohexyl ]propane, vinylcyclohexene dioxide, 3,U-
epoxycydlohexylmethyl-3,u~epoxycyclohexane carboxyiate, and
the like; N, N-diglycidyl aniline.

The curing agent, the component (B) to be used in

_ 1,1,2,2-tetrakis (4-hydroxyphenyl)-ethane
phenslyfi, dpi sphéesl cOpEeteeneatchy Meidphemoldi val ent phenol s



as bi sphenol A, bisphenol F, tetranethyl bi sphenol, hydroqui none, resorcin,
4,4" -thio-di(2,6-di nethyl phenol), dihydroxynaphthl ene,

bi_ s(hydr oxyphenyl ) di cycl opent ane, bi s(hydroxyphenyl)nmentane and the |ike ,
or hal ogenat ed bi sphenol s such as tetrapjonobi sphenol A, and the Iike;

Shenol & ui t A SHRRTEL ELPD ARACT b BRI E R aRT RECBas Al SEAQH MY 1Y der | ved
et hane. 3. 95081 SR rOR RbIOHLQHIBE. ABSAERG o TROTDHASAR her .
14 bi (5 ARFABBEREGYDON ASTCE G100 BRRBRMRDGT s Heh &5
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9232]gﬁéxghéﬁggggggggé?@%ﬁf%g%J%f%b%bgggsgbsghgfmﬁééééithyIanine) and the
l'i ke; glycidyl _estg[ 1_(l:orrp](_)usnhtljlsf deri v%dt%reor{]ﬁeclregngé}.g é:r%b r)‘(f/ ésc salfc!.hds such
as p-oxybengépa@inodiphenyl sulfone an ; y

as pyromerit anhydride, trimerit anhydride, benzophenonetetf

acarboxylic acid anhydride and the like. Polyvalent phenols

are preferable from a viewpoint of low hygroscopicity.

The phenol curing agents are further exemplified as

polycondensation products of one or more phenols and

aldehydes or ketones. As phenols, phenol, various alkyl

phenols, naphtol and the like may be used. As aldehydes,

formaldehyde, acetaldehyde, acrolein, glyoxal, benzaldehyde,

naphtaldehyde, hydroxybenzaldehyde and the like may be

used; and as ketones, cyclohexanone, acetophenone and the

like may be used.

Vinyl polymerizable type polyvalent phenols such as
polyvinylphenol, polyisopropenylphenol and the like, and
Friedel-Crafts reaction products of phenols may be used.

Compounds used for Friedel-Crafts reaction with phenols are

diol compounds represented by the formula below;

g
|

Ho_—cl: (IZ—OH
CH; CH,

dialkoxy compounds represented by the formula below;



aci d, -moxybenzoic acid, tetraphthalic acid, isophthalic acid; hydantoic
epoxy conpounds derived from 5,.5-di et hyl hydantoin, and the |ike;
alicyclic epoxy resins of 2,2-bi s(3,4-epoxycyclohexyl)propane, _
2,2-bis[4-(2, 3-epoxypropyl) cyclohexyl ]propane, vinylcyclohexene dioxide,
3, 4- epoxycycl ohexyl met hyl - 3, 4- epoxycycl ohexane carboxyl ate, and the |ike;
N, N-diglycidyl aniline. The curing ggent, the conponent (B) to be used in
-7- the conposition accopdkn 1t he ese i tion may be used any one
of known curing agents fgfﬁég)oégzr e &ﬁb@gg%uri ng agents include
pol yval ent phenol s such as phenol novol ak,  aral kyl phenol novol ak, and the

| i ke; am nes such as di cyandi am de, dianinodighenylnethane di am nodi phenyl
sul f one andihakogenonpaundminepriesentedchyashpyfonsuia B fidde, trinerit
anhydri de, benzophenonetetr

c1CH2—@— CH,CI

and diolefin compounds such as dicyclopentadiene,

diisopropenyl benzene and the like. These curing agents may
be used as alone as well as a mixture of at least two of
them.

With respect to the proportion of the curing agents
to the epoxy resins to be incorporated in the composition
of the present invention, the amount of the curing agents
to be used is 0.7 to 1.2 equivalents based on the epoxy
group. An amount of lower than 0.7 equivalent or over 1.2
equivalents based on the epoxy group result in insufficient
.curing.

In case the resin composition of the present
invention is to be cured, known curing promotors may be
employed. Exemplary curing promotors include organic
ﬁhosphine compounds such as triphenyl phosphin,'tri-u—
methylphenyl phosphine, tri-4-methoxy phenyl phosphine,
tributyl phosphine, ﬁrioctyl phosphine, tri-2-
cyanoethylphosphine, and the like, and tetraphenylborate
salts thereof; tertiary amines such as tributylamine,
triethylamine, 1,8-diazabicyclo{5,4,0]undecen-7,

triamylamine, and the like; quaternary ammonium salts such



acarboxylic acid anhydride and the |ike. Polyval ent phenols are preferable
froma viewoint of |ow hygroscopicity. The phenol curing agents are
further exenmplified as pol ycondensation products of one or nore phenols and
al dehydes or ketones. As phenols, phenolsg-various al kyl phenols, naphtol
and the |ike may be used. As al dehydes, fornmal dehyde, acetal dehyde,

acrol ein, gl §>aRTOHHL hefilqErinaphy hehtopide, AMRANLPT: beazddhyde and t he
| i ke may be used; and as, ket ones, cycl ohexanone, acetophenone and the |ike
may be used. tRABSHNPoIBYANGXA4E, ctRiBENBLLGHAR LN taiNPhenyldprase, and
pol yvi nyl phenol ,_ pol yi sopropenyl phenol and the |ike, and Friedel-Crafts
reaction pr o'@l%t]s&ﬁ? pﬂﬂiﬁélmé'-d#ﬁ??sé: us bEhowh npRing d ipdeds $heretédel - Crafts
reaction with phenols are diol conpounds represented by the fornula bel ow
CH3 CHenong rihefl alqn@aniconposRALNE cpPBRAHNGSH Dy 8 he fornula bel ow
diazabicyclo{5,4,0]undecen-7, and imidazoles are preferred
from the standpoint of resistance to humidity and
curability, inter alia, triphenyl phosphine is more
preferred. |
Furthermore, to the composition of the present
invention, there may be added (C) inorganic fillers. The
fillers include silica, alumina, titanium white, aluminum
hydroxide, talc, clay and glass fibers. Especially, silica
and alumina are preferred. These may be used in a mixture of
different shapes (sphere or crushed types) and different
sizes to increase the filler content. The proportion of the
inorganic fillers to be incorporated for use in
encapsulating semiconductors is in the range of 25 to 92 %
. by weight, preferably 70 to 92 4 by weight based on the
total of the resin composition. A proportion less than 25 %
by weight may result in void generation in the molded
articles because of insufficient pressure during mold
érocessing, while a proportion higher than 92 % by weight
results in problematic processability.
To the compdsition of the present invention, there
may be added mold releasing agents such as naturally
occurring waxes, synthetic waxes, higher fatty acids and

metal salts thereof, or paraffins; coloring agents such as

carbon black; surface treating agents such as silane



-8 [err] dihal ogen conmpounds represented by the formula below, [err] and
benzene and the
| i ke. These curing agents nmay be used as alone as well as a m xture of at
| east two of them Wth respect to the pit®portion of the curing agents to

di ol efi n compounds such as di cycl opent adi ene, dii sopropenyl

the epoxy resins to be incorporated in the conp05|t|on f the

resent

i nventi on, FREPAKBENRSBRLS hedRd they ke dn @dddtiony f age7r9 ag dants

eqU|vaIents based on the epoxy, group. An anount of |ower, tha

equi val ent 8HCByaE §n§i@ﬁﬁyVEF%QK%9QxxR§Pﬁﬂ¥QHH§ éﬁgPQuQﬁﬁupbP€§&P§t?ﬂ

insufficient curing. In case the resin conp05|t|on of the
is to be cuﬁé@xYkﬁéﬁhnéurﬁ*%@ Menbkks Majppeadded. In orde

resent

i nvention

achieve the flame retarding effects, the use of brominated

epoxy resin is preferred.

In order to reduce stress imposed, various

elastomers may be added or pre-reacted. Practically, one may

as polybutadiene, butadiene-acrylonitrile copolymer,

silicone rubbers, solicone oils, and the like.

With the resin composition of the present

make mention of additive or reactive type elastomers such

invention, resin-encapsulated semiconductor devices can be

made by molding and curing in accordance with any one of

known prior forming techniques such as transfer molding,

compression molding, injection molding and the like.

PREFERRED EMBODIMENTS OF THE INVENTION

The present invention will be illustrated with

.reference to the following Examples, without being limited

thereto. In Examples, epoxy equivalent weight is defined as

a molecular weight of an epoxy resin per epoxy group.

A hydrolyzable chlorine content of an epoxy resin

is determined by reverse titration of isolated chlorine

with silver nitride aqueous solution, said isolated

cholorine is generated by adding alcoholic solution of

potassium hydroxide to dioxane solution of an epoxy resin,

and refluxing it for 30 minutes.

Blends and cured shapes were evaluated as follows:

Gel time: Measured by a Gellation Tester at 180°C



enpl oyed. Exenplary curing pronotors include organi c phosphi ne conmpounds
such as triphenyl phosphin, tri-4- nethyl phenyl phosphine, tri-4-nethoxy
phenyl phosphine, tributyl phosphine, trioctyl phosphine, tri-2-
cyanoet hyl phosphi ne, and the like, and iitraphenyl borate salts thereof;

Tg[é:2;éb?gygﬁ%F§$%?5?§ﬁ§éLgﬁg¥!E?%Fgﬁyfghfagyl:ghnfheilike;.quaternary_
TSZE‘QSI ”P‘afﬁet Eyf“{iydmﬁg, HErRHERS %ﬁ%ﬁeﬁmfé{oﬂ%@%ﬁﬁﬁ%ﬁééﬂ?waﬁﬂ?R'e””‘
I ke; i Wi [ i m A [
phosphi ne coiBauiRee cesseratizadh; 9% wler Ba Rebade 18R PRS0 oe are

preferred fromthe standpqint of ISt e to humdity and curability,
L Lo

inter alia, steﬁoﬁ‘rﬁién?lcc §Bﬁi e

Glass transition temperature: Determination was
effected using a thermomecanical analyzer (SHIMADZU DT-30).

Flexural strength, flexural modulus: Determination
was made with an Instron universal tester (SHIMADZU IS-10T)
according to JIS K-6911.

Water absorbance: A variation in weight was
measured at a temperature of 85C and a relative humidity
of 85 % using a constant temperature humidity incubator
(Advantec Toyo, AGX-326).

Spiral flow: Conducted at a temperature of 175 C
and at 70 kg/cm? according to EMMI-1-66.

Adhesive strength: A sample was transfer molded on
a copper-frame and 42 alloy-frame, and evaluated the
.adhesive strength.

Solder cracking property: A simulated IC (QFP
package with 52 pins, a package thickness of 2.05 mm) was
moistened under the conditions of a temperature of 85C and
é relative humidity of 85 % for 72 hours, and immediately
thereafter immersed in a soldering bath at 240 C for 30
seéonds. followed by Eounting the number of ICs having
cracks generated. The number of tested ICs was eight.

Referential Example 1:
(Synthesis of a phenol as a raw material)

Into a 3-¢ reactor equipped with a thermometer, a



preferred. Furthernore, to the conposition of the present invention, there
may be added (C) inorganic fillers. The fillers include silica, alumna,
titaniumwhite, alum num hydroxide, talc, clay and gl ass fibers.
Especially, silica and alum na are pref&2+ed. These may be used in a
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same temperature for 13 hours as it was. The reaction

mixture was poured into water for crystallization. The

obtained crystal was filtered and washed 4 times with 1000 g

of water, and then dried in vacuo at 80°C for 5 hours. Red

colored crystal having a melting point of iau C by DSC was

obtained (this is referred to as DHCNP hereunder).

Referential Example 2:
(Synthesis of a phenol as a raw material)
Into a 3-£2 reactor, 136.2 g (1.0 mol) of m-

hydroxyactophenone, 122.1 g (1.0 mol) of p-hydroxybenzaldeh

yde and 6&0 g of methanol were charged, and after dissolved,

51.0 g8 (0.50 mol) of a 97 % sulfuric acid were added,

.raised the temperatﬁre to 60 C, and then the whole was

kept at the same temperature for 10 hours as it was. The

reaction mixture was poured into water for crystallization.

The obtained crystal was filtered and washed 4 times with

iOOO g of water, and then dried in vacuo at 80°C for 5

hours. Red-brown colored crystal having a melting point of

181 °C was obtained (fhis is reférred to as DHCNM hereunder).

Referential Example 3:
(Synthesis of a phenol as a raw material)

Into a 3-£ reactor, 49.1 g (0.5 mol) of



nmetal salts thereof, or paraffins; coloring agents such as carbon bl ack;
surface treating agents such as sil ane -10- coupling agents, and the
like. In addition, flane retardants such as antinony trioxi de, phosphorus
compounds, brom nated epoxy resins, andlBhe |ike may be added. In order to
achieve the flane retarding effects, the use of brom nated epoxy resin is
preferred. ¢yclhohiexanane edi@d Istg €9s 0i mpddedf pahydrexyberz hyday be
added or pre-reacted. Practically, one may nake nention of additive or
reactive tyged dlGGt@net thanvlasere ghargedenand baf telr chbsselvyednifdid e
copol ynmer, silicone rubbers, solicone oils, and the like. Wth the resin
conposi ti ong of0t5@ pokEseft ad rBterkt hydrochioniengapd uveredadded coraligrdr
devi ces can be made by nolding and curing in accordance with any oné of

the temperature to 80C , and then the whole was kept at the

same temperature for 6 hours as it was. The obtained

erystal was filtered and washed 4 times with 1000 g of

water, and then dried in vacuo at 80 C for 5 hours. Brown

colored crystal having a melting point of 284 C was

obtained (this is referred to as DHCH hereunder).

Referential Example U:
(Synthesis of an epoxy resin)
Into a reactor equipped with a thermometer, a

stirrer, a funnel and a condenser having a separating tube,

120.0 g of'phenol DHCNP obtained in the referetial example

1, 647.5 g of epichlorohydrin and 323.8 g of

dimethylsulfoxide were charged, and after dissolved, 82.82

g of a 48.3 % sodium hydroxide were added droppwisely for 5

.hours, under the reaction condition of at 43 torr and uU8<¢C.

Meanwhile, keeping the reaction temperature at 48 °C,

azeotropically vaporized epichlorohydrin and water were

liquified by cooling, and the organic layer was supplied

back into the reaction phase to continue the reaction.

Unreacted epichlorohydrin was removed by evaporation, and

glycidyl ether product was dissolved in 413 g of

methylisobutylketone and washed with water to remove a by-

product-salt and dimethylsulfoxide contained in it.

Methylisobutylketone was distilled off at 170C/ 10 torr.

and the glycidyl ether product having a melting point of



known prior form ng techni ques such as transfer nolding, conpression

nmol ding, injection nolding and the |ike. PREFERRED EMBODI MENTS OF THE

| NVENTI ON The present invention will be illustrated with reference to the
foll owi ng Exanpl es, without being |imtad-thereto. I n Exanples, epoxy

equi val ent wei ght is defined as a nol ecul ar wei ght of an epoxy resin per
epoxy group.]OR fydr BRyEabieceni by o Qoid ANLss /éﬁoeﬂ%xﬁnﬂe§P\ést _

determ ned by reverse titration of isolated chlorine with silver nitride
aqueous sol OUdNa18AEIVAIBLAPEI1RPBHIeGe WaS pbTaiRed] (FR1gddPng al coholic
sol ution of potassium hydroxide to di oxane sol ution of an epoxy resin, and
refluxing i referred ®PnaseBHCAPzRJReRgINd’Nd shapes were eval uated as

follows: CGel tinme: Measured bX a Cellation Tester at [err] -1 1-
Referential Example S: :

(Synthesis of an epoxy resin)

Into a reactor equipped with a thermometer, a
stirrer, a funnel and a condenser having a separating tube,
120.0 g of phenol DHCNM obtained in the referetial example
2, 647.5 g of epichlorohydrin and 323.8 g of
dimethylsulfoxide were charged, -and after dissolved, 82.82
g of a 48.3 4 sodium hydroxide were added droppwisely for 5
hours, under the reaction condition of at 43 torr and U8%C.
Meanwhile, keeping the reaction temperature at 48 °C,
azeotropically vaporized epichlorohydrin and water were
liquified by cooling, and the organic layer was supplied
back into the reaction phase to continue the reaction.
Unreacted epichlorohydrin was removed by evaporation, and

. 8lycidyl ether product was dissolved in 413 g of
methylisobutylketone and washed with water to remove a by-
product-salt and dimethylsulfoxide contained in it.
Methylisobutylketone was distilled off at 170°C/ 10 torr.
énd the glycidyl ether liquid product having a mélt
viscosity of 0.42 poise /150 C and epoxy equivalent value
of 186 g/ eq. was obﬁained (this is referred to as DHCAM-E
hereunder).

Referential Example 6:
(Synthesis of an epoxy resin)

Into a reactor equipped with a thermometer, a



(Ni sshin Kagaku Co., Ltd.). Barcol hardness: Determ nation was effected
wi th a hardness tester nodel 935 under the condition of [err] /90 seconds
according to ASTM D-648. dass transition tenperature: Determ nation was
effected using a thernonecani cal analyzgy (SH MADZU DT-30). Fl exural

hi versa I'%rixtxr&ﬁear'(»sﬂ WsASY Ehdon) cBIBRaPT RIS & (SRR C N dilbe.
and a ol aitd Qusmas A FFadpedS éﬁﬁé‘iﬁéfsa?n%%me@{%ﬁﬁ%%e#& &
of 175 [er ﬁé*dva“t oS AR 8Bty 85807 6 ¢ qg’@ﬁ%ﬁ"e@&ﬁeeaae% gih: A
cval uat od (RATERAGs AR AT, SSGIVaGy EFBR: PPp oty A AT at ed | C
(QFP hydroxide were added droppwisely for 5 hours, under the

reaction condition of at 43 torr and 48°C . Meanwhile,

keeping the reaction temperature at 48 °C, azeotropically

vaporized epichlorohydrin and water were liquified by

cooling, and the organic layer was supplied back into the

reaction phase to continue the reaction. After the

reaction, unreacted epichlorohydrin was removed.by

evaporation, and glycidyl ether product was dissolved in

950.0 g of methylisobutylketone and washed with water to

remove a by-product-salt and dimethylsulfoxide contained in

it. Methylisobutylketoné was distilled off at 170C/ 10

torr. and the glycidyl ether product having a melting point

of 125 °C, melt viscosity of 0.33 poise /150 C and epoxy

.equivalent value of 224.6 g/ eq. was obtained (this is

referred to as DHCH-E hereunder).

Referential Example 1-5, Comparative Example 1-2
Using the glycidyl ethers obtained in the

ﬁeferential Examples 4-5 as described above (DHCAP-E,

DHCAM-E and DHCH-E), and a glycidyl ether of o-cresol

novolak (available frbm Sumitomo Chemical Co., Ltd. under

the trade name of Sumi-Epoxy ESCN-195, an epoxy equivalent

of 195 g/eq;, softening point of 65.6 C, melt viscosity of

2.6 poise (150C ) and a phenol novolak (available from Gun-

ei Kagaku Kogyo Co., Ltd. under the trade name of PSM-U4261,



package with 52 pins, a package thickness of 2.05 M) was nvoi stened under
the conditions of a tenperature of [err] and a relative humdity of 85 %
for 72 hours, and inmediately thereafter imersed in a.soldering bath at
[err] for 30 seconds, followed by counting the nunber of |ICs having cracks
generated. The nunber of tested ICs was eight. Referential Exanple 1:

(Synt hesis of a phenol as a ramrnaterré@j Into a [err] reactor equi pped

b hydr oxy SEFBRRERS P LIL 28 &5 3. 65 FUBROg. AGER bxy BRHIAThy de and 500
5% sul fur i cPACRE HEf A dducing ACSE) SRS ForBas R LR o162 (AT PERRH t hen't he
whol e was légpg ?‘ﬁé‘?, Sganr?néuebgp%ra?ct uarse af %rol%lSrQ?gégir?gs eitgter\:/\éa,s'anT ea reaction
coupling agent (available from Toray Dow Corning Silicone,
under the trade name of SH-6040) were incorporafed in
amounts (g) as indicated in Table 1, heat-kneaded with a
roll, and transfer molded.
Moreover, the moldings were post-cured for 5 hours
in an oven at a temperature of 180€C ) to produce cured
shapes. The results are set forth in Table 2. The fused
silica.used in the example were as follows;
FS-891: Crashed silica (available from Denki Kagaku
Kogyo Co.,Ltd., mean diameter of 13z m).
FS-20: Crashed silica (available from Denki Kagaku
Kogyo Co.,Ltd., mean diameter of 5.6z m).
FS-891: Spherical silica (available from Denki
Kagaku XKogyo Co.,Ltd., mean diameter of 30z m).
Adomafine SOC-2: Spherical silica (available from
Adomatec Co., Ltdf, mean diameter of 0.4 g« m).
"Silstar MK—OG: Spherical silica (available from
Nippon Kagaku Kogyo Co., Ltd., ﬁean diameter of 4.9 m).
. Excelica SE-L0: Spherical silica (available from

Tokuyama Soda Co., Ltd., mean diameter of 40.4z m).



m xture was poured into water for crystallization. The obtained crystal was
filtered and washed 4 tinmes with 1000 g of water, and then dried in vacuo
at [err] for 5 hours. Red colored crystal having a nelting point of 164
[err] by DSC was obtained (this is referred to as DHCNP hereunder).
Referential Exanple 2: (Synthesis of a_jhenol as a raw material) Into a
[err] reactor, 136.2 g (1.0 nol) of m hydroxyactophenone, 122.1 g (1.0
mol ) of p-hydroxybenzal delpgygeq and 640 g of methanol were charged, and

after dissolved 51.0 g (Q 50 nmol) of a 97 % gulfuric
rai sed the fenperature to 60 [err] | and fhen the whol e was| &apt
same tenperpture for 10 hours| e {t| ®mas2 {The 3eprt. pn B.XS ufr Bx.wWas| Bauged -
i nto wat er kor—crystalbizati-of—IF ha-obt-al-ped—cryst-al—iwas—Ft ‘
washed 4 ti veEpowy irBsih)00 g of | water|, and then dried ip vacu*o at [err] fpr 5
hours. Red- pr @ROARBI ored cryst aldohayviigg aj nettijg point -of [181~[efr]—wap
obtained (this is referred to}j as DHCNM hefy eundey) . Reﬁerentkal Exampl e B:
DHCAM-E - - 100 100 - -} -
DHCH-E - - - - - 100 - -
Sumi-Fpoxy - - - - - 100 | 100
ESCN-19524L
(Hardner) |
Phenol novolak 5.8 | 5.8 | 61.8 | 61.8 | 47.2 | 53.8 | 53.8
Triphenylphosphine 1.5 1.0 1.5} 1.0 1.0 1.5 1.5
(Filler)
F5-891 152 - 158 - - 150 -
FS-20 - 140.2 - 5.6 | 132.5 - 138.5
FB-TU 609 - | 633 - - 601 -
Adomafine S0C-2 - 151.4 - 157.3 | 143.1 - 9.5
Silstar MK-06 - 52.1 - 262.1 |1 238.5 - 2u9.3
Excelica SE-U0 - 858.1 - g891.2 | 810.9 - 8u7.5
carnauba wax 230 | 3.39 | 2.40 | 3.54 | 3.20 | 2.29 | 3.35
Silane coupling agent| 3.10 | U4.51 3.2 | 4.68 | B.26 | 3.05 | 415
SH-60U0
(Epoxy resin) 0
it
DHCAP-E H,C—CHCE,0 —< :>—C-C—C-< >-OCH CH—CH
N H H AN
Hzc\—/CHCHzo ﬁ | |
DHCAM-E ' @-c—c—c—( ) OCHCE—CH:
© H H Nd

Q

E ~ C =P~ G4 - OCH,CE—CH,
DHCH- H,C—CHCH,O LO-¢ -@j- H@ R/
o



(Synthesis of a phenol as a raw material) Into a [err] reactor, "49.1 g (0.5
nol ) of -13- cycl ohexanone, 122.1 g (1.0 nol) of p-hydroxybenzal dehyde

and 400 g of ethanol were charged, and after dissolved, 50.8 g (0.50 nol)

of a 36 % hydrochloric acid were added, raised the tenperature to [err]

and then the whol e was kept at the sane_ éﬁnperature for 6 hours as it was.
S

The obtained crystal was filtered and wa
and then dried in vacuo at 80 [err] for 5 hours. Brown col ored crystal
havi ng a neltlng p0|nt of 2£ﬂeﬁbrr] was obtalned (thIS is referred to as

DHCH her eun |) Referentrat urAallpl Pt \JleLIIC s—ofTan CPPXy—TC III) .

havi ng a separating tube, Ex. 1 [Ex. 2 | Ex. 3 |Ex. 4 Ex. 5
Gel time  (sec) 23 31 2 30 2 3. S
Spiral flow (inch) 4.0 | 26 25| 0.2 B.0| 2.0 3
Barcol hardness T4 80 7 81 T8 80

| Glass trensiton tem | 176 | 165 | 156 | 160 | 162 | 153

Flexural strength 5.3} 6.3} 17.0 | 16,5 | 17.5 | 12.4
at20'C  (kg/mm?)
Flexural modulus 1810 | 2470 | 1910 | 2500 | 2700 | 2620 | V'Not
at 20 C (kg/mn?)

' measured
Flexural strength 1.721 2.621 1.4 2.21f 2.9 | 1.9

at 120C (kg/mm?)

Flexural modulus 153 320 111 280 292 190
at 120C¢ - (kg/mn?)

Adhesive strength to | 0.088 | 0.085 | 0.089 | 0.090 | 0.085 | 0.033
Copper frame (kg/mm?)

Adhesive strength to | 0.073 | 0.070 | 0.080 | 0.082 | 0.081 | 0.028
42 frame (kg/mn? )

% water absorbance 0.278 | 0.165 | 0.221 | 0.124 | 0.130 | 0.245
T2hr

Soder cracking 2 0 1 0 0 '8
property

1) Prepgration of a molded test sample was impossible by bad flowability.

ed 4 times with 1000 g of water,

§0
a reactor equipped with a thejnonmeter, a stirrer, a funnel AGMDa £ dCaopnser



120.0 g of phenol DHCNP obtained in the referetial exanple 1, 647.5 g of
epi chl orohydrin and 323.8 g of dinethyl sul foxi de were charged, and after
di ssol ved, 82.82 g of a 48.3 % sodi um hydroxi de were added droppw sely for
5 hours, under the reaction condition of at 43 torr and [err] . Meanwhil e,
keeping the reaction tenperature at 48 t¥~r], azeotropically vaporized
epi chl orohydrin and water were liquified by cooling, and the organic | ayer
was supplied back i rthe tepoxyeaesiancpmpesitdonoafi bhe preserticti on.
Unr eact ed epi chl orohydrin was renoved by evaporation, and glycidyl ether
product wasinverstiorechds M8 Wi seosieyhahidsohned| kroduetsncheradt have h
water to renove a by- product-salt and di nmethyl sul foxide contained in it.
Met hyl i sobul o kiey gres capsi aipetdperey ahid higheadhesivénessys . Thedresingl yci dyl
et her product having a nelting point of -14-

encapsulated semiconductor devices produced with this

composition are excellent in resistance to solder~cracking.
As the epoxy resin composition has low viscosity
compared with a glycidyl ether of o-cresol novolak and can
contain large amount of fiilers, so the low hygroscopic
property of the composition is improved and the reliability

of the product thereof is enhaunced.



val ue of 19
her eunder)

reactor equ
havi ng a se
refereti al

di et hyl sul
sodi um hydr
condition o
t emperat ure
were liquif
reaction ph
renoved by

of methylis

106 [err] ,Th[ﬁ
0

edf 0.22 poise /150 [err] and epoxy equival ent
H tained (this is referred to as DHCAP-E
anpl e 5: (Synthe5|s of an epoxy—tesin) Into a

i pped. W|th a thernoneter, a gpirrer, a funnel eTMBfSrEEWiB’!SSBEEN

ube 1 0g of phenol DHCNNIobtaln din REFLALED
Qﬁéﬁp aéﬂﬁd f% of epichl orohydrin and 323.-8—gof

;iixidgemf éeéﬁﬁé‘ﬁfm i el #'%%Etﬁﬁﬂprﬁﬁﬁﬁé ; hgf eaction
43
(83" g8y eh8kV £ES1n hinuas e oy sns BRreRel, EobaiTa CMY vat er

ied by cooling, and the organic |ayer was supplled back into the
ase to continue the reaction. Unreacted epi chl orohydrin was
evapor ati on, and glﬁﬁggy eth oduct ‘was dissolved in 413 g
obut yl ket one and wa it Q() renove a by-

X | (1)
H,C—CHCH,0 OCH2CH—-/CH.2

\
O/ 0

wherein R: represents hydrogen, an alkyl group having 1 to 6
carbon atoms, substituted- or nonsubstituted-phenyl groups

or halogen, and X represenﬁs

0
I I

~C=C-C— -C=C-C-C=C~ -C c— -C{}c—

HE .HH HH . H H EUH

and n represents an integer of O to 4, and

.(B) a curing agent.

2. An epoxy resin composition éccording to ¢laim 1,
wherein the curing agent (B) is a polyvalent phenol.

3. | An epoxy resin composition according to claim 1
ar 2, which further comprises (C) an inorganic filler.

4. An epoxy resin composition according to claim 1,
wherein the epoxy resin represented by the general formula
(1) in which Ry is hydrogen or an alkyl group having 1 to U
carbon atoms. '

5. An epoxy resin cdmposition according tq claim 1

or 2, wherein the curing agent (B) is phenol novolak or
-

RN A O



product-salt and di net hyl sul foxi de contained in it. Methylisobutyl ketone
was distilled off at [err] 10 torr. and the glycidyl ether Iiquid product
having a nelt viscosity of 0.42 poise /150 [err] and epoxy—equival ent val ue
of 186 g/ eqg. was obtained (this is referred to as DHCAM }me;rgqggjems BEEN
Ref erenti al Exanple 6: (Synthesis of an2gpoxy resin) Intog a r eREpLA
equi pped with a thernoneter, a -15- stirrer, a funnel
havi ng a separating tube, 120.0 g of DHCH obtained in the referetial
exanple 3, 507.3 g of "epichlorohydrin and 253.7 g of dinethyl sul foxide were
char ged, anéréﬁk¥g BhenelveAvolrK 88 g of a 48.3 % sodi um hydr oxi de were

added droppwi sely for 5 hours, under the reaction condition of at 43 torr
and [err] . Meanwhfl e, An epoxy resin composition according to claim 3,

wherein the inorganic filler (C) is silica or alumina.
7. A resin-encapsulated semiconductor device
obtained by encapsulating semiconductor device with the

epoxy resin composition according any one of claims 1 to 3.

[
et Has Been' Re(laced .

",
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Keeping the reaction tenperature at [err]., azeotropically vaporized

epi chl orohydrin and water were |iquefied by cooling, and the organic |ayer
was supplied back into the reaction phase to continue the reaction.. After
the reaction, unreacted epichlorohydrin was removed by evaporation, and

gl yci dyl et her product was di ssolved in 9 0.0 g of nethylisobutyl ket one and
washed with water to renove a by- product %t and di net hyl sul f oxi de
contained in it. Methylisobutyl ketone was distilled off at [err] / 10 torr.
and the glycidyl ether product having a nmelting point-of 125 [err] , nelt
viscosity of 0.33 poise /150 [eF?E d epoxy equival ent value of 224.6 g/
eq. was obtained (this is referre 0 as DHCH E hereunder). Referential
Exanpl e 1-5, Conparative Exanple 1-2 Using the glycidyl ethers obtained in
the Referential Exanples 4-5 as descri bed above (DHCAP-E, DHCAM E and _
DHCH E), and a glycidyl ether of o-cresol novol ak (available from Sum tono
Chem cal Co., Ltd. under th ﬂﬂ?ﬂﬁ?‘ﬂanE‘UTWSUn1 Epoxy ESCN- 195, an epoxy
equi val ent - i
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of 195 g/ eq., softening point of 65.6 [err] , nelt viscosity of 2.6 poise
[err] and a phenol novol ak (avail able from Gun- ei Kagaku Kogyo Co., Ltd.
under the trade nanme of PSM 4261, -16- softening point of [err] as a
curing agent, triphenyl phosphine as curing accelerator, f d silica shown
below as a filler, carnauba wax as a nold rel easi ng agent, ke “
agent (avail able from Toray Dow Cormlugfi)écone; under the.tra EnaﬁESdﬂiw
SH- 6040) were incorporated in amounts (g) “@s indicated in PLACED
heat - kneaded with a roll, and transfer nolded. Mreover, the nol dings
post-cured for 5 hours in an oven at a tenperature of [err] ) to produce
cured shapes. The results are set fobﬁq E? Tagle 2. The fused silica used
in the exanple were as follows; FS-891l: .asl®d silica (available from
Denki Kagaku

(O8]
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Kogyo Co., Ltd., nean dianeter of [err] m). FS-20: Crashed silica (available
from Denki Kagaku Kogyo Co.,Ltd., nean dianeter of [err] m. FS-891:

Spherical silica (available from Denki Kagaku Kogyo Co., Ltd ret-er
of [err]). Adonmafine SOC 2: Spherical silica (available fro T!if}o%ﬁé"&%!es BEE
Ltd., nmean dianeter of 0.4 a m. Silstar MK-06: Spherical s IlcafﬂﬁWACEBble
from N ppon Kagaku Kogyo Co., Ltd., nean dianeter of [err] m . Excelrca

SE- 40: Spheri cal silica (available fron1Tokuyana Soda Co Ltd nean

di ameter of [err] .5
‘Ex. 1 Ex. 2 (Epoxy ﬁgﬂ&ﬁ)RQﬁéﬂpCQMPOSITION AND HEﬁIN EMQ*PSULATED -

) SEMICONDUCTOR DEVICE

=

ABSTRACT OF THE DISCLOSURE
An epoxy resin_composition comprising

(A) an epoxy resin represented by the general formula (1)

(R),  Rpa
{ | X . (1)
'HZC\—-/CHCHZO OCHgCE——/CH.z
O ' O
wherein R: represents hydrogen, an alkyl group having 1 to 6
carbon atoms, substituted- or-nonsubstituted-phenyl groups

or halogen, and X represents

0 0]
| “
HH :H H H H

-

and n represents an integer of 0 to 4, and
(B) a curihg agent, which composition provides a cured
product having low hygroscopic property and high

adhesiveness.

__———/_

eet Has Been Reraced
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DHCAM E

- 100, 100 - C. T
DHCH- E - ?PPLACENE%H‘SHEET - 100 ; ;
Sumi - Epoxy - - 100 100
ESCN- 195XL ( Har dner) Phenbl nmvoha or 55.8 55.8 61.8 61.8 47.2
53.8 53.8 Triphenyl phps ghlne ’8 1.0 1.5 1.0 1.0 1.5
1.5 (Filler) FS 891 152 - 158 - 150
- FS-20 - - 140.2 - Lfep1@cenett §heet &29/2/96538 5
FB- 74 | 609 533
Adcmaf i-neé SOC- 2 EPOXY REBIN. GOMPOSITION15ND3RESBM-ENCAPSULATED149 5
Silstar MK-06 : 252. 4 - 262.1 238.5 - 249. 3
Excel i ca SEMITONDUCTOR DEVIgSES. 1 - 891.2 810.9, - 847.5
car nauba wax ' 2.30 3.39 2.40 3.54 3.20 2.29 3.35 Sil ane

0

coupling agent 3.10 4.51 3.22 4. 68 4.26 3.05 4.45 SH- 604
(Epoxy redBSTRREMr PF THE DISCLOSURE - .

An epoxy resin'composition comprising

' (A) an epoxy resin represented by the general formula (1)

(Ry). ~ Rpda

X ’ (1)
‘H,C—CHCH,O : OCH,CH—CH,
N "N 4

wherein Rz'represents.hydrogen, an alkyl group having 1 to 6

carbon atoms, substituted- or-nonsubstituted-phenyl groups -

or halogen, and X'represents

and n represents an integer of Q0 to 4, and
(B) a curihg agent, which composition provides a cured

product having low hygrqgcopic propgrty"agd:high L,

adhesiveness.

(Figure 2)



Table 2 Conp.

Comp. Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex..5 Ex. 1 _.Ex. 2 Gel
2.2 ¢

time (sec)p— 23, =3 24 30 .- 29 33 25 Spiral
flow (inch) |REPLACHMENB&HEET| 20.5 30.2  23.0 20.0 3 Bar col
har dness 74 80 77 81 78 80 dass transiton -
tenp 176 165 2 w4580, 1160 162 153 Fl exural strength 15.3
16.3 17.0 | U6.5° 17.5 12.44 at 20 [err] Retdaténent FSreyr g3 g} us
1810 2470 | 1846 2500——27(0 26202/2'Not at 20 [err] [err%mneasured
Fl exural .. strength 1.72 | 2.62 1.14 2.21 2. 96 1.51 at [err]
[err] Fl exural  nodurus 153 320 111 280 292 190 at
[err] [err] :
FIG 2
L3
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pvesive o4 onot EFLACENERE SAEBPD, 0,09 0,000, 8,005, 0,0 opper
0.028 42 frane [ eg:;e% ,‘%}é{\/a.tn r fbporbance 0.278 0.165 0.221 0.124
0.130 0.245 72hi $odet "Fatki’ng 2 0 1 Substituge sheet

0 8 property 1) Preparatiogniof a nolded test sanple @dsFebmmassy 399Dy
bad flowability. -19- The epoxy|resinqconposition of the present
i nvention has |lo i ; Fed products thereof have | ow hygroscopic

property and hi gh adhesi veness. The resin- encapsul ated sem conduct or

devi ces produGgRglidi étherd B > cheadRBdsthk S8 FHcRolSivElakeRiveiatoft 8 balhAi AR tWékn heat
sol der - cracki ng. the epoxy resin conposition has |ow viscosity
resistance and moldability, but are not sufficient for use in such applications as requiring a

[
R

high level of non-hygroscopicity as described above, causing problems of solder cracking.
They are marketed practically in the wrapped form with moisturc~proof wraps to avoid the
5 above problems.

SUMMARY OF THE INVENTION

The objects of the invention are to provide an epoxy resin composition of low
U 10 viscosity, which can give a cured product having low hygroscopicity and high adhesiveness,
and to provide a semiconductor device encapsulated with the above epoxy resin composition.

In view of the aforementioned circumstances, the present inventors have made an
intensive research on an ¢poxy resin composition, and as a result, found a composition with
. 15 a specific epoxy resin which meets the objects and completed the invention.

The present invention provides an epoxy resin composition and a resin-encapsulated
semiconductor device produced by encapsulating semiconductor devices with the same cpoxy
resin composition, characterized in that said epoxy resin composition comprises (A) an epoxy

20 resin represented by the general formula .(1) and (B) a polyvalent phenol,



conpared wiith a , o] cresol novol ak and can contain large
anmount of filler img loscoplt property of the conposition is
i nproved and thejrgeliability of e product thereof is enhaunced. - 20-
WHAT IS CLAIMED | § R4 FEBARYEP resin conposition conpri siSupstifditeasheet
epoxy resin represented by the general formula (1) [err] whgrmibrubsry 1997
represents hydropen; an al Kyl group havi 1 to 6 carbon atons,
substituted- or | nyl grdups or hal ogen, and X represents
[err] and n represents an integer of 0 to 4, and (B) ‘a polyval ent phenol.

20 2. An e ﬁﬂﬁ? jtion according to claim1, which further
conprises (O p@ﬁxﬁ]organ q?l er.

1. An epoxy resin compasition comprising

(A) an epoxy resin represented by the general formula (1)
Rin (Rin

H;C — CHCH,0 - OCH;CH—CH
2 \0 P 2 N 2
~ 10 | : 0 (1)
wherein R, represents hydrogen, an alkyl group having 1 to 6 carbon atoms, substituted- or
nonsubstituted-phenyl groups or halogen, and X represents

0
f i
- ~C=C—C~ —C=C—C~g=C— —C c— —-c c—
15 HE HH HHE & H H K

and n represents an integer of 0 to 4, and
(B) a polyvalent phenol.

_ 20 2. An epoxy resin composition according to claim 1, which further comprises (C) an
—/ ' inorganic filler.

3. An epoxy resin composition accou}ing to claim 1, wherein the epoxy resin represented

by the general formula (1) in which R, is hydrogen or an alky! group having 1 to 4 carbon

25 avoms.

4. An epoxy resin composition according to claim 1, wherein the curing agent (B) is
phenol novelak or aralky! phenol novolak.

30 5. An epoxy resin composition according to claim 2, wherein the inorganic filler (C) is

RN )



3. :+ An epoxy -negLm- e rshthoneaccordin to claim1, wherein the epoxy
resin represent d’-_ﬁfﬁya%ﬁéﬂ@é.héﬁ Eifformula (1) in which [err] is hydrogen or
an al kyl group having 1 to 4 carlbgn 25 atons. 4. An epoxy resin

conposi tion accdrdi n@ APcR1997m 4, [wherein the curing agent (fRibsgtRutdeReét
novol ak or aral kiyll phenol novol gk.} 30 5. An epoxy resi RACPgRREatY 1997
according to cl aj : ] ie{inorganic filler (C 1is 24 Februaary
1997 -21 - silicja or alum na. 6. A r@di-n- encapsul at ed seni conduct or

devi ce obtai ned by encapsulating sem conductor device with the epoxy resin

conposi tion according to any one of clainms 1 or 2.
silica or alumina. ' -

6. A resin-encapsulated semiconductor device obtained by encapsulating semiconductor
device with the epoxy resin composition according to any one of claims | or 2.
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